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High frequency callus induction was obtained from young leaf sheath segments of four rabi type sorghum cultivars viz. , 
M 35-1. SPV-a6. A-1 and GRS-1 on Murashige and Skoog (MS) medium supplemented with 2 mgl" of 
2,4-dichlorophenoxyacetic acid (2.4-0). The callus was unorganised in the beginning , but became highly organised 
and nodular within 2-3 months. On MS medium without 2,4-0, planUets occurred at high frequency through somatic 
embryogenesis. Addition of 0.5 mgl-1 of 6-benzyl aminopurine improved the formation of plants. Genotypic influence 
with regard to the frequency of callus induction, type of callus, pigment production and regeneration of plantlets were 
observed. 
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Introduction 
Sorghum (Sorghum bieolor L. Moench) grain is part of the staple 
diet of millions in Asia and Africa. It is used as feed for animals 
in the tropical parts of America. Much progress has been made 
using conventional techniques in developing superior cultivars in 
this crop (Smith & Bhaskaran t 986). To supplement these efforts, 
procedures for plant regeneration from tissue cultures have been 
developed to make use of somaclonal variation; (Smith & 
Bhaskaran 1988; Cai el 01. 1990), in vitro select ion for salt toler-
ance (Bhaskaran el 01. 1985) and haploid breeding techniques 
(Wen el 01 1990). However, plant regeneration from callus cul-
tures in sorghum is found to be heavily dependent on the 
genotypes. 
Most in vitro studies in sorghum are done on a group of day 
neutral genotypes, known as kharif types in India. The other 
group of genotypes which are grown in winter/summer months 
are widety cultivated in India for their high quality grain. Rabi 
types, as they are known, have attracted very little attention for in· 
vitro studies . The present investigation deals with the induction 
of callus cultures and plant regeneration from leaf sheath 
explants from popular cultivars of rabi sorghum grown in parts 
of India. 
Materials and Methods 
Young and healthy field grown plants ( t -2 months old) were 
selected from four rabi varieties viz., M 35-1. SPY -86, A-I and 
GRS- l. The part above the top node was taken and the leaves 
trimmed off. to retain a closely packed bundle of leaf sheaths. The 
column of leaf sheaths was surface sterilised by dipping in 70% eth-
anol for 2 minutes and was then air dried. One or two enclosing leaf 
sheaths were then removed and discarded. All the operat ions were 
carried out under aseptic conditions. The succulent inner column of 
leaf sheath thus obtained was cut into 4 to 8 mm lengths (Figure 1 a) 
and inoculated in 150 x 25 mm culture tubes containing 10 ml of MS 
medium (Murashige & Skoog 1962) supplemented with 2,4-dichlo-
rophenoxyacetic acid (2,4-0) at different levels (viz., 1. 2. 4 and 8 
mgl- I ) The pH of the medium was adjusted to 5.8 and agar (0.7%) 
was added, it was sterilised at 121 °C under 100 kPa for 20 minutes. 
The cultures were incubated in the dark at 25 ± 2°e. After 4 weeks, 
the ca llus produced was transferred to maintenance medium [MS 
medium supplemented with 2 mg!-I of2,4-0 and 0.5 mgl' ) of6-ben-
zyl aminopurine (BA)1, irrespective of 2,4-0 levels used to induce 
the call us. The cultures were incubated in cool white fluorescent 
light (Phittips TLD 33) of about 45 ~mo l m" s" for to h daity. The 
callus to be maintained for longer periods was subcultured on fresh 
maintenance medium monthly. Established calli were transferred to 
MS medium with 0.5 mgl- ) ofBA for regeneration of plants. Root ing 
nonnally occurred on the regeneration medium . The rooted plantlets 
were initially estab li shed in poJybags (4 x 8 cm) and then re-estab-
lished in large clay pots. The pott ing mixture consisted of farmyard 
manure: river sand: clay soil (1 :2: I). 
Results 
The explants from all cultivars responded by showing an initial 
elongation, followed by the production of callus at the cut ends. 
Visible callus occurred after 10- 12 days in culture. The cal lus 
was unorganised in the beginning but after 2- 3 subcultures orga-
nised centres of growth could be seen for all the cultivars. The 
explant and growing callus masses of genotype GRS-J released 
dark coloured pigments into the medium. These pigments, proba-
bly phenolic compounds, appeared to reduce the growth of the 
callus_ This problem was overcome by subculturing the callus 
onto MS medium containing 0.5 mgl-) of activated charcoal. 
Of the different concentrations of2,4-D used (I , 2, 4 and 8 
mgl" ) for callus induction, 2 mgl '} was found to result in the high-
est frequency of callus induction in all the genotypes (Table I). At 
higher concentrations of 2,4-D the frequency of callus induction 
was low. 
After 2-3 subcultures of the callus, an embryogenic type of cal-
lus (Figure lb) with yellowish green sectors was observed on the 
maintenance medium. When such calli were transferred to basal 
MS or MS medium with 0.5 mg l-I of BA, plantlets formed irre-
spective of the genotype within 3 weeks (Figure Ie). The regener-
ation potential of such callus was retained even after 6 subcultures 
i_e. 6-7 month-old-calli. However, it was noticed that the average 
number ofplantiets produced per culture decreased with the age 
of the callus. The regenerated plants appeared normal and bore a 
strong resemblance to zygotic seedlings_ They were transferred to 
polythene bags after being rooted in vitro. A fier 4 weeks harden-
ing off in polythene bags, the fully established plantiets were 
transferred to large clay pots and raised to maturity. 
Discussion 
Over 50% of the leafsheath explants responded by producing cal-
lus in all four cultivars tried. A 2 mgl-) 2,4-D concentration was 
optimum for all genotypes. However, genotypic differences were 
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Figure la-c lao Leafsheath exp lants, lb. embryogenic type of callus, Ie. calli regenerating into plantlet on MS medium with 0.5 mgl-1 of 
BA. 
observed for the type of calli produced. While the calli were ye l-
lowish white in M 35-1 and SPV-86, they weTe creamy white in 
A-I and GRS-1. Both explants and callus cultures of GRS-I 
released dark pigments that inhibited growth. The inhibitory 
effect of these pigments was largely overcome by the addition of 
0.5 rug(,l activated charcoal to the callus maintenance medium. 
The callus did not have any visible organisation initially and 
fOfmed only roots when transferred to regeneration medium, but 
when subcultured further on maintenance medium, while to 
cream coloured and compact sectors developed from these unor-
ganised calli. These organised sectors proliferated into embryo-
genic masses subsequently. Similar observations were made by 
Wernicke and Brettell (1980). They found that calli from leaf seg-
ments initiated on MS medium with 1- 3 mgl-I of2,4-D consisted 
mainly of proliferating, yellowish root primordia covered with 
slimy. root cap type cells. They also observed white, compact and 
highly organised sectors in these cultures which formed plantlets 
on auxin free medium. In another study, Wernicke el a/. (1982) 
observed that high levels of2,4-D might be essential for suppress-
ing root primordia and increasing the frequency of embryogenic 
calli . However, in the present study the frequency of callus induc-
tion decreased at higher levels of2,4-D. The optimum concentra-
tion for callus induction and recovery of embryogenic sectors for 
the cultivars was 2 mgl- I of2,4-0. The problem of proliferation of 
undesirable root primordia in our study was limited only to the 
older leafsheath segments. Careful choice of the younger explant 
tissue from within the leaf sheath column is important for obtain-
ing the desired type of callus in sorghum . In a similar study, labri 
Table 1 Effect of different 2,4-D levels on callus induc-
tion (%) from leaf sheath explants of rabi sorghum culti-
vars (S.E. is given based on average values of three 
experiments) 
Concentration Sorghum cultivars 
of 2,4-0 mgl·1 A-I M 35-1 SPY-86 GRS-I 
46.0 (1.5) 42.0 (0.6) 52.0 (1.5) 52.0 (0.6) 
2 64.0 (1.2) 82.0 (1.0) 80.0 (1.5) 80.0 (0 .6) 
3 56.0 (0 .6) 52.0 (1.0) 54.0 (0.6) 44.0 (1.0) 
4 50.0 (1.0) 34.0 (1.5) 50.0 (12) 36.0 (1.0) 
Number of healthy cultures per lreatment = 40 
el a/. (1989) found that the root proliferation was restricted to the 
proximal end of the older leaf sheath explants. The younger leaf 
sheath expIants and the shoot apex were highly embryogenic at 1-
2 mgl' ! of2,4-D. 
The embryogenic callus masses could be subcultured on MS 
medium with 2 mgl-I of 2,4-0. Calli retained their organised 
structure for a minimum period of seven months. Undesirable and 
fast growing sectors occurred regularly within these embryogenic 
cultures. It was necessary to select only compact, nodular calli for 
further maintenance. In this regard addition ofBA (0.5 mgl' !) to 
the callus maintenance medium was beneficial for maintaining 
the cultures. 
As in many other cases (Wernicke et at. 1982; Kuruvinashetti 
et al. 1998) planUet formation occurred at higher frequency when 
the embryogenic calli were transferred to auxin free MS medium 
or to MS medium with 0.5 mg l-! BA. The young plantlets usually 
developed healthy roots on these media. 
In general, competence in vitro may be correlated with plant 
material containing meristematic activity in vivo. In fact, in 
grasses, cell proliferation in vitro has been observed in tissues that 
are close to an undifferentiated state (O'Hara & Street 1978). 
Thus, the process which, in research on dicots, has been termed as 
'dedifferentiation' has most critical implications for cereal tissue 
cultures. The use of a leaf culture system may enable us to define 
more precisely the steps in differentiation leading to loss of com-
petence and thereby possibly overcome the barrier which pre-
vents the mature cells from responding. 
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